APPENDIX F

Access Management
Design Standards
for

Entrance s and Intersections



PREFACE

The access management regulations and standards do not apply in cities, towns of more than
3,500 and in counties (Henrico and Arlington) that maintain their secondary roads (they do apply
on primary routes in these two counties). Such localities, though, may choose to apply them to
roads they maintain.

The 2007 General Assembly unanimously approved legislation (Chapter 863) proposed by the

Governor to direct VDOTO6s commi ssioner t o sdevel

management regulations and standards by December 31, 2007 to become effective July 1,
2008. The legislative goals for access management are to:

T Reduce traffic congestion,
Enhance public safety by decreasing traffic crash rates,

1 Support economic development by promoting the efficient movement of people and
goods,

1 Reduce the need for new highways and road widening by maximizing the performance of
the existing state highways, and

T Preserve the public investment in new highways.

To assure that a wide variety of viewpoints were considered, multiple techniques were used to
gain public input on the draft regulations and standards. The commissioner approved and
published the regulations and standards in December 2007.

The access management regulations and standards were implemented in phases. The first phase
applied to VDOT highways classified as principal arterials taking effect July 1, 2008 and second
phase applies to minor arterials, collectors and local streets which became effective October 14,
20009.

For regulatory efficiency and streamlining on December 5, 2013 the two sets of access
management regulations were consolidated into one: the Access Management Requlations
24VAC30-73, applying to all state maintained” highways.

This Appendix, therefore, contains the standards for the design of intersections, turning lanes, and
entrances and for the spacing of entrances, intersections, traffic signals, median crossovers that
apply to all state highways: principal arterials, minor arterials, collectors, and local streets. If a design
standard cannot be met a design exception or waiver is required. If a spacing standard cannot be
met , a spacing exception is required. For

mor

Standardso and AExcepgnofsawWwdavess itow Sbdet Desi 2.

NOTE:
1. Maps of state highways by functional classification and information on the access
management program are on the VDOT Functional Classification web site @
https://www.virginiadot.org/projects/fxn_class/maps.asp.

2. The standards do not apply to proposed VDOT minor arterials, collectors and local streets
if the construction design plans were presented at a VDOT public hearing prior to October
14, 2009 or principal arterials prior to July 1, 2008.
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DEFINITIONS

Acceleration Lane: An auxiliary lane, including tapered areas, that enables a motorist to
increase its speed to a rate that enables it to safely merge with through traffic.

Access: Any entrance, median crossover, traffic signal, interchange, or other means of
providing for the movement of vehicles to or from the roadway system. Also, the ability to
enter and exit a land parcel from an adjacent highway.

Access Management: The systematic control of the location, spacing, design, and operation
of entrances, median crossovers, traffic signals, and interchanges for the purpose of providing
vehicular access to land development in a manner that preserves the safety and efficiency of
the transportation system.

Access * Throat: The distance parallel to the centerline of an access to the first on-site
location at which a driver can make a right turn or a left turn, measured on highways with curb
and gutter, from the face of the curb, and on highways without a curb and gutter, from the
edge of the shoulder.

Access Width: The distance edge-to-edge of an access measured at the right-of-way line.

Agritourism Entrance: fiAgr i touri sm activityo as fdany acti vi
allows members of the general public, for recreational, entertainment, or educational purposes,

to view or enjoy rural activities, including farming, wineries, ranching, historical, cultural, harvest-

your-own activities, or natural activities and attractions, Code of Va. 83.2-6400.

Arterial: A major highway intended to serve through traffic where access is carefully
controlled, generally highways of regional importance, intended to serve moderate to high
volumes of traffic traveling relatively long distances and at higher speeds.

Auxiliary Lane: The portion of the roadway adjoining the traveled way for speed change,
turning, storage for turning, weaving, truck climbing, and other purposes supplementary to
through-traffic movement.

Channelization: The separation or regulation of conflicting traffic movements into definite
paths of travel by traffic islands or pavement marking to facilitate safe and orderly movements
of vehicles, pedestrians and bicyclists.

Collector: The functional classification of a highway that provides land access service and
traffic circulation within residential, commercial, and industrial areas. The collector system
distributes trips from principal and minor arterials through the area to the ultimate destination.
Conversely, collectors also collect traffic from local streets in residential neighborhoods and
channel it into the arterial system.

Commercial Entrance: Any entrance serving land uses that generate more than 50 vehicular
trips per day or the trip generation equivalent of more than five individual private residences
or lots for individual private residences using the methodology in the Institute of
Transportation Engineers Trip Generation.

"Rev. 1/21


http://law.lis.virginia.gov/vacode/3.2-6400/

Conflict: A traffic conflict occurs when the paths of vehicles intersect, an event that causes
a driver to take evasive action to avoid collision with another vehicle, usually designated by a
braking application or evasive lane change.

Conflict Point ": An area where traffic either merges, diverges or crosses. Each conflict point
is a potential collision.

Corner Clearance: The distance an entrance on a minor side street needs to be separated
from the minor side street 6s isaned atgreventing the
location of entrances within the functional area of an intersection. The major roadway will
have the higher functional classification (excluding local streets), or will have the higher traffic
volume.

Deceleration Lane: A speed-change lane including tapered areas that enables a turning
vehicle to exit a through lane and slow to a safe speed to complete its turn.

Design Speed : The selected speed used to determine the geometric design features of the
highway.

Design Vehicle - A design vehicle is a selected motor vehicle whose weight, dimensions and
operating characteristics are used to establish highway design.

Divided Highway: A highway on which traffic traveling in opposite directions is physically
separated by a median.

Engineer: The Engineer representing the Virginia Department of Transportation.

Entrance : Any driveway or other means of providing for the movement of vehicles to or from
the state highway system.

Egress: The exit of vehicular traffic from a property to a highway.

Exception: Permission to depart from standards because of the unique circumstances of the
site or project.

Frontage Road: A road that generally runs parallel to a highway between the highway right-of-
way and the front building setback line of the abutting properties and provides access to the
abutting properties for the purpose of reducing the number of entrances to the highway and
removing the abutting property traffic from through traffic on the highway.

Full Access : Access point which allows left-in and left-out movements and right-in and right-
out movements.

Functional Area of an Intersection: The area beyond the physical intersection that
comprises decision and maneuver distance, plus any required vehicle storage length, and is
protected through corner clearance standards and connection spacing standards.

Functional Classification:  The federal system of classifying groups of highways according
to the character of service they are intended to provide. Each highway is assigned a functional
classification based on the highwayods int
movement or adjoining property access. The functional classification system groups
highways into three basic categories identified as (1) arterial, with the function to provide
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through movement of traffic; (2) collector, with the function of supplying a combination of
through movement and access to property; and (3) local, with the function of providing access
to property.

Grade Separation: A crossing of two highways or a highway and a railroad, or a highway
and a pedestrian walkway, at different elevations.

Gradient or Grade: The rate or percentage change in slope, measured along the centerline of the
highway or entrance, either ascending or descending from or along the highway.

Highway, Street, or Road: A public right of way for purposes of vehicular travel, including
the entire area within the right-of-way.

Ingress: The entrance of vehicular traffic into a property from a highway.

Interchange: A grade-separated system of access to and from highways that includes
directional ramps for access to and from crossroads.

Intersection: An at-grade crossing of two or more highwaysi n a ATO0 t hr ee
leg design®, a median crossover, or full access entrances directly across from each other on
an undivided highway.

Intersection Sight Distance: The sight distance required at entrances and intersections to
allow the driver of a stopped vehicle a sufficient view of the intersecting highway to decide
when to enter, or cross, the intersecting highway.

Legal Speed Limit: The speed limit set forth on signs lawfully posted on a highway or in the
absence of such signs the speed limit established by Title 46.2, Chapter 8, Article 8 of the
Code of Virginia

Limited Access Highway: A highway especially designed for through traffic over which
abutters have no easement or right of light, air, or access by reason of the fact that their
property abuts upon the limited access highway.

Local Streets/Roads: The functional classification for highways that comprise all facilities
that are not collectors or arterials. Local streets serve primarily to provide direct access to
abutting land and to other streets.

Low Volume Commercial Entrance:  Any entrance, other than a private entrance, serving
five or fewer individual residences or lots for individual residences on a privately owned and
maintained road or land uses that generate 50 or fewer vehicular trips per day using the
methodology in the Institute of Transportation Engineers Trip Generation.

Median: That portion of a divided highway that separates opposing traffic flows, not including
center two-way left-turn lanes, can be traversable or non-traversable.
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Median Crossover: An opening in a nontraversable median that can be designed to provide
for crossing, left turns and U-turns. See A Medi an Crossover (Direct
Crossover (Full)o.

Median Crossover (Directional) : An opening in a restrictive median that provides for specific
movements and physically restricts other movements.

Median Crossover (Full): An opening in a restrictive median that provides for crossing, left
turns and U-turns.

Median, Non -traversable (Restrictive Median): A physical barrier that separates traffic
traveling in opposite directions, such as a concrete barrier or landscaped island.

Median, Traversable (Nonrestrictive Median): A median that by its design does not
physically discourage or prevent vehicles from entering upon or crossing over it, including
painted medians.

Merge: The process by which two separate traffic streams moving in the same direction
combine or unite to form a single stream.

Minor Arterial : The functional classification for highways that interconnect with and augment
the principal arterial system. Minor arterials distribute traffic to smaller geographic areas
providing service between and within communities.

Moderate Volume Commercial Entrance: A commercial entrance along highways with
shoulders with certain site and design criteria reduced. Site requirements are: maximum
highway vehicles per day: 5,000, maximum entrance vehicles per day: 200, maximum
entrance percent truck trips of vehicles per day: 10%."

Operating Speed: The speed at which drivers are observed operating their vehicles during
free-flow conditions with the 85™ percentile of the distribution of observed speeds being the
most frequently used measure of the operating speed of a location or geometric feature.

Passing Sight Distance: The length of roadway that the driver of the passing vehicle must
be able to see initially, in order to make a passing maneuver safely.

Partial Access Entrance: Entrance with movements limited to right-in or right-out or both, with
or without left-in movements.

Peak Hour Volume: The largest number of vehicles passing over a designated section of a
street during the busiest 60-minute period within a 24-hour period.

Phase (Signal): That portion of a traffic signal cycle allocated to a specific traffic movement
or combination of movements.

Primary Highway: The system of state highways assigned route numbers under 600.
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Principal A rterial : The functional classification for a major highway intended to serve through
traffic where access is carefully controlled, generally highways of regional importance, with
moderate to high volumes of traffic traveling relatively long distances and at higher speeds.

Private Subdi vision Road or Street Entrance: A commercial entrance for a road or street
that serves more than five individual properties and is privately owned and maintained.

Private Entrance: An entrance that serves up to two private residences and is used for the
exclusive benefit of the occupants or an entrance that allows agricultural operations to obtain
access to fields or an entrance to civil and communication infrastructure facilities that
generate 10 or fewer trips per day such as cell towers, pump stations, and stormwater
management basins.

Ramp Terminal: That portion of a ramp adjacent to the through traveled way, including speed-
change lanes, tapers, and islands. Ramp terminals may be the at-grade type, as at the crossroad
terminal of diamond or partial cloverleaf interchanges, or the free-flow type where ramp traffic
merges with or diverges from high-speed through traffic at flat angles.

Right -of-way: That property within the systems of state highways that is open or may be
opened for public travel or use or both in the Commonwealth. This definition includes those
public rights-of-way in which the Commonwealth has a prescriptive easement for
maintenance and public travel. The property includes the traveled way and associated
boundary lines and parking and recreation areas.

Roadway: The portion of a highway, including shoulders (graded and paved), for vehicular
use. A divided highway has two or more roadways.

Roundabout: A circular intersection with yield control of all entering traffic, right-of-way
assigned to traffic within the circular roadway, and channelized approaches and a central
island that deflect entering traffic to the right.

Rural Area: The areas outside the boundaries of urbanized areas and urban places (see
Urban Area).”

Secondary Highway: The system of state highways assigned route numbers 600 and above.
Shared Entrance: A single entrance to provide access to two or more adjoining parcels.

Shoulder: The portion of the highway that lies between the edge of the traveled way and the
break point, excluding turn lanes.

Sight Distance: The distance visible to the driver of a vehicle when the view is unobstructed
by traffic.

Sight Triangle:  An area of unobstructed sight distance along both approaches of an entrance.
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Signal Progression: The progressive movement of traffic, at a planned rate of speed without
stopping, through adjacent signalized locations within a traffic control system.

Signal Spacing: The distance between traffic signals along a highway.

Stopping Sight Distance: The distance required by a driver of a vehicle, traveling at a given
speed, to bring the vehicle to a stop after an object on the highway becomes visible, including
the distance traveled during the driverds
distance.

Storage Length: Lane footage added to a deceleration lane to store the maximum number
of vehicles likely to accumulate during a peak period, so as not to interfere with the through-
travel lanes.

Taper: The widening of pavement to allow the redirection and transition of vehicles around
or into a turn lane; of two types: (a) redirect tapers necessary for the redirection of vehicles
along the traveled way; and (b) transition tapers for turn lanes that allow the turning vehicle
to transition from or to the traveled way, to or from a turn lane.

Through Movement: The predominant direction of traffic flow through an intersection,
straight on most major roads, although the predominant flow of traffic occasionally is in a right
or left-turning direction.

Traveled Way: The portion of the roadway that allows for the movement of through traffic,
including vehicles, transit, and freight. It does not include such facilities as curb and gultter,
shoulders, turn lanes, bicycle facilities, sidewalks, or parking lanes. Divided highways are
made up of two separate roadways, each with its own travel way.

Turn Lane: A separate lane for the purpose of enabling a vehicle that is entering or leaving
a highway to increase or decrease its speed to a rate at which it can more safely merge or
diverge with through traffic; acceleration and deceleration lanes.

Urban Area: An urbanized area (population of 50,000 and over), or an urban place as
designated by the Bureau of the Census (population of 5,000 or more) and not within any
urbanized area, with boundaries fixed by State and local officials and approved by the Federal
Highway Administration.”

VPH: The number of vehicles per hour, usually referring to vehicles in a peak hour.

Warrant: The criteria by which the need for a safety treatment or highway improvement can
be determined.

Weaving: The crossing of two or more traffic streams traveling in the same general direction
along a significant length of highway, without the aid of traffic control devices. Weaving areas
are formed when a merge area is closely followed by a diverge area, or when an entrance
ramp is closely followed by an exit ramp and the two ramps are joined by an auxiliary lane.

"Rev. 1/12
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SECTION 1- INTRODUCTION

Access Management Concepts

Access management provides a systematic approach to balancing the access and
mobility necessities of a roadway. Access management can be defined as the process
of managing access to land development, while simultaneously preserving the flow of
traffic on the surrounding public road system.

Property owners have a right to reasonable access to the general system of streets and
highways. In conjunction, adjacent roadway users have the right to freedom of
movement, safety, and efficient expenditure of public funds. Balancing these interests
is critical at locations where significant changes to the transportation system and/or
surrounding land uses are occurring. The safe and efficient operation of the
transportation system calls for effectively managing highway access, via entrances,
streets, or other access points.

The specific techniques for managing access involve the application of established traffic
engineering and planning principles. Ideally, these principles will:

Limit the number of traffic conflicts;

Separate basic conflict areas;

Separate turning volumes from through movements;
Provide sufficient spacing between at-grade intersections;
Maintain progressive speeds along arterials;

Provide adequate on-site storage lanes.

=A =4 =4 =4 4 -4

The application of these principles will minimize disruptions to through traffic caused by
entrances and intersections. More specifically, good access management can:

Reduce crashes and crash potential;

Preserve roadway capacity and the useful life of roads;
Decrease travel time and congestion;

Improve access to properties;

Coordinate land use and transportation decisions;
Improve air quality;

Maintain travel efficiency and related economic prosperity.

=A =4 =4 =4 -4 -4 A



Functional Classification

The Feder al Hi g h wa FHWA)dinki unnicsttiroantailo n@lsas(si f i cat

state that Functional Classification is the process by which streets and highways are
grouped into classes or systems, according to the character of service they are intended
to provide.

Basic to this process is the recognition that individual roads and streets do not serve travel
independently in any major way. Rather, most travel involves movement through a
network of roads. It becomes necessary then to determine how this travel can be
channelized within the network in a logical and efficient manner.

Functional classification defines the nature of this channelization process by defining the
part that any particular road should play in serving the flow of trips through a highway
network. Allied to the idea of traffic channelization is the dual role the highway network
plays in providing (1) access to property, and (2) travel mobility. Mobility can be provided
at varying levels, usually referred to as "level of service." It can incorporate a wide range
of elements (e.g., riding comfort and freedom from speed changes) but the most basic is
operating speed or trip travel time. The four major functional classifications are:

1 Principal arterial is a major highway intended to serve through traffic where access is
carefully controlled, generally highways of regional importance, with moderate to high
volumes of traffic traveling relatively long distances and at higher speeds.

1 Minor arterials are highways that interconnect with and augment the principal
arterial system. Minor arterials distribute traffic to smaller geographic areas
providing service between and within communities.

1 Collector is a highway that provides land access service and traffic circulation
within residential, commercial, and industrial areas. The collector system
distributes trips from principal and minor arterials through the area to the ultimate
destination. Conversely, collectors also collect traffic from local streets in
residential neighborhoods and channel it into the arterial system.

1 Local streets/roads comprise all facilities that are not collectors or arterials. Local
streets serve primarily to provide direct access to abutting land and to other streets.”

Functional Classification of State Highways

Information on the process for establishing a functional classification for a new road or for
changing the functional classification for an existing highway is available on the VDOT
web site at V D O T usctional Classification home page. Maps identifying the functional
classification of all state highways are also presented on this web site.
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Schematic of a Functionally Classified Roadway Network
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FIGURE 1-1 FUNCTIONALLY CLASSI FIED ROADWAY SCHEMATIC

Source: Transportation Research Board, Access Management Manual, 2003




Access Control Policy (Full and Partial)

Defined levels pertaining to access for roadways have been established and documented by
the Transportation Research Board (TRB). These categories proposed by TRB have been

incorporated into various DOT procedures, incl
as follows:

o Level of importance of roadways within the jurisdiction

o Characteristics of system roadways

0 Land use and growth management goals

o Current and potential future presence of pedestrians, bicyclists and transit

o0 Engineering judgment
1 VDOT and LOCALITY MANAGED PROJECTS

o On VDOT managed projects, see the current policy on Limited Access
Establishment and Change Guidelines in Section 2E.5 Proposed Right of Way
and Limited Access.

o On locality managed projects, the locality should consult their VDOT Project
Coordinator for information on limited access. See the current policy on Limited
Access Establishment and Change Guidelines in Section 2E.5 Proposed Right
of way and Limited Access.

1 NHS & INTERSTATE SYSTEMS

0 Access control beyond the ramp terminals should be affected by purchasing
access rights, providing frontage roads, controlling added corner right-of-way
areas, or prohibiting driveways. At a minimum, such control shall* extend beyond
the ramp terminal at least 100 ft. in urban areas and 300 ft. in rural areas. However,
in areas of high traffic volume, where the potential exists for development which
would create operational or safety problems, longer lengths of access control
should be provided. If access control of 100 ft. minimum in urban areas and
300 ft. minimum in rural areas cannot be extended beyond the ramp terminal
an LD-448 Form (Design Waiver Request) is required.

Source: A Policy on Design Standards Interstate System, AASHTO January 2016

However, VDOT has established spacing standards for commercial entrances and
intersections in the vicinity of interchanges which are much greater than the AASHTO limits
mentioned above. These standards are in this Appendix in Table 2-3, Figure 2-9, Table 2-4
and Figure 2-10. Alternate spacing standards for use in highly urbanized areas that have
gone through the appropriate planning process are available in Appendix B-2 (Multimodal
Design Standards For Mixed-Use Urban Centers). Not meeting these spacing standards will
require an approved access management waiver (AM-E and AM-W), which can be accessed
at http://vdotforms.vdot.virginia.gov/SearchResults.aspx?IngDivisionID=40.

* Added 1/21
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GUIDELINES®

See the chart below for the categories for Types of Access Control.

CONTROL OF
ACCESS FULL LIMITED OR PARTIAL LIMITED OR PARTIAL NONE
s eoian Freeways Arterials (Expressways) Collectors (Boulevards) Local Streets and Roads

Classification

(Principal and Minor)

(Major and Minor)

(Thoroughfares)

Functional Purpose

High Mobility, Limited
Access

High Mobility, Low to
Moderate Access

Moderate Mobility, Low to
Moderate Access

Moderate to Low
Mobility, High Access

Design Speed

50 mph to 70 mph

30 mph to 70 mph

20 mph to 60 mph

20 mph to 50 mph

The following guidance is provided to assist in determining whether or not a facility should be
granted any form of access control:

Level of Importance (Functional Classification) of Roadways within the
Jurisdiction

0 See chart above

1 Characteristics of System Roadways
o FHWA coordination and approval for all Interstate Systems
o Documents both existing and proposed roadways features

Speed

> > > > >

Geometric design
Nature of the supporting street system
Level of proposed and existing access (connections)

Traffic volumes, including vehicle classification

1 Land Use and Growth Management Goals and Objectives
o Collaboration with Localities (Cities and Counties)
o Future planning or growth management objectives

A
A Density
A
A

* Added 7/17

Land use

Parcel size
Zoning restrictions




1 Current and Potential Future Presence of Pedestrians, Bicyclists and
Transit " See 2004 CTB Bicycle and Pedestrian Accommodations Policy at
http://www.virginiad _ot.org/programs/resources/bike _ped policy.pdf

0 Addressed by means of

A Roadway and Traffic Engineering design standards and I&IMs
A Traffic-calming practices

1 Engineering Judgment

(0]

Prior experience with related roadway conditions

TYPES AND USAGE

Types of Access Control:

9 Full Control of Access

Connections to a facility provided only via ramps at interchanges. All cross
streets are grade separated. No private driveway connections are allowed.
See Chapter 2E LIMITED ACCESS ESTABLISHMENT AND CHANGE

GUIDELINES.

1 Limited Control of Access

Connections to a facility provided via ramps at interchanges (major crossings)
and at-grade intersections (minor crossings and service roads). No private
driveway connections allowed. See Chapter 2E LIMITED ACCESS
ESTABLISHMENT AND CHANGE GUIDELINES.

9 Partial Control of Access

* Added 7/17

Connections to a facility provided via ramps at interchanges, at-grade
intersections, and commercial and private entrances. Private driveway
connections are normally defined as a maximum of one connection per parcel
and should usually be limited to right-in / right-out. One connection is defined
as one ingress and one egress point. The use of shared or consolidated
connections is highly encouraged. Connections may be restricted or prohibited
if alternate access is available through other adjacent public facilities.


http://www.virginiadot.org/programs/resources/bike_ped_policy.pdf
http://www.virginiadot.org/business/resources/LocDes/RDM/chap2e.pdf
http://www.virginiadot.org/business/resources/LocDes/RDM/chap2e.pdf
http://www.virginiadot.org/business/resources/LocDes/RDM/chap2e.pdf
http://www.virginiadot.org/business/resources/LocDes/RDM/chap2e.pdf

9 No Control of Access

Connections to a facility provided via ramps at interchanges, at-grade
intersections, and private driveways. No physical restrictions, i.e., a control of
access fence. Normally, private driveway connections are defined as one
connection per parcel. Additional connections may be considered if they are
justified and if such connections do not negatively impact traffic operations and

public safety.

Relationship of Functionally Classified Systems in Serving Traffic

Mobility and Land Access

Source: 2018°, AASHTO, A Policy on Geometric Design of Highways and Streets,

b

Increasing Proporion
af Through Traffle

Chapter 1, Section 1.4.2

= Fresway

Principal Arterial

Minor Arterial
Major Collector

Minar Collector

Local Streat

- Cul-de-Sac

It was pointed out in the discussion above that the concept of traffic channelization leads
logically not only to a functional hierarchy of systems, but also to a parallel hierarchy of
relative travel distances served by those systems. This hierarchy of travel distances can
be related logically to a desirable functional specialization in meeting the access and
mobility requirements. Local faciliies emphasize the land access function. Arterials
emphasize a high level of mobility for through movement. Collectors offer a compromise

Increasing
ACCESS

b

between both functions. This is illustrated conceptually above.

Functional classification can be applied in planning highway system development,
determining the jurisdictional responsibility for particular systems, and in fiscal planning.
These applications of functional classification are discussed in "A Guide for Functional

Highway Classification."
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SECTION 21 INTERSECTION DESIGN; SPACING STANDARDS

Intersection Design Objectives

Intersection design, including entrances, must consider the following items:

T
)l

1
1

Total approach traffic, design hourly volumes, and turning volumes.
Composition of traffic (percent of passenger cars, buses, trucks, etc.)
Operating speed of vehicles

Functional Classification of Highways

Adjacent land use

Physical and Environmental Characteristics

Pedestrian and Bicycle Accommodation

Major objectives of traffic design concern safety, operational efficiency and driver
expectation through consideration of the following:

T

The design should fit the natural transitional paths and operating characteristics of
drivers and vehicles. Smooth transitions should be provided for changes in
direction.

Grades at intersections should be as nearly level as possible.

Sight distances must be sufficient to enable drivers to prepare for and avoid
potential conflicts.

On major roadways, intersections must be evenly spaced to enhance the
synchronization of signals, increase driver comfort, improve traffic operation, and
reduce fuel consumption and vehicle emissions.



Intersection Design Principles

Intersection Design Principles

= =2 =0 _-9_-9_-9_48_49._-2

=

Limit Number of Conflict Points
Coordinate Design and Traffic Control
Avoid Complex Maneuvers

Separate Conflict Points

Favor Major Flows

Segregate Movements

Accommodate Pedestrians and Bicyclists
Determine Design Vehicle

Utilize Auto Turn to Verify Vehicle Turning
Movement’

Consider a Roundabout Design

Intersection design principles are as follows:

1 Limit the number of conflict points. The number of conflict points among vehicular

movements increases significantly as the number of intersection legs increase. For
example, an intersection with four two-way legs has 32 total conflict points, but an
intersection with six two-way legs has 172 conflict points. Intersections with more

than four two-way legs should be avoided wherever possible.

"Rev. 1/14
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FIGURE 2-1 CONFLICT POINTS

Source: Transportation Research Board, Access Management Manual




1 Coordinate design and traffic control. Maneuvers at intersections accomplished at
low relative speeds require a minimum of traffic control devices. Maneuvers
accomplished at high relative speeds are undesirable unless traffic controls such
as stop signs or traffic signals are provided. Designs should separate vehicles
making conflicting movements. Intersection design should be accomplished
simultaneously with the development of traffic control plans.

1 Avoid multiple and compound merging or _diverging movements. These require
complex driver decisions and create additional conflicts.

1 Separate conflict points. Intersection hazards and delays are increased when
intersection maneuver areas are too close together or when they overlap. Conflicts
should be separated to provide drivers with sufficient time (and distance) between
successive maneuvers for them to cope with the traffic conflicts one at a time.

1 Favor the heaviest and fastest flows. The heaviest volume and higher speed flows
should be given preference in intersection design to minimize hazard and delay.

1 Minimize the area of the conflict. Excessive intersection area causes driver
confusion and inefficient operations. Large areas are inherent with long curb return
radii and in skewed and multiple-approach intersections. Channelization should
be employed to limit the intersection and to guide drivers.

1 Segregate movements. On higher speed roadways, separate turn lanes’ should
be provided at intersections when there are appreciable volumes of traffic traveling
at different speeds. Separate turning lanes should be provided for left and right
turning vehicles. Left turns necessitate direct crossings of opposing vehicle paths
and are usually made at speeds of 10 mph or less for reasons of safety and
economy.

Right turns are also usually made at minimum speeds. However, right turns do
not involve potential conflicts of such severity as left turns, and are more suited to
individual treatment because they take place at the outside of the intersection area.
Therefore, right turns may be designed for higher than minimum speeds where
adequate right-of-way is available for wider turns.

1 Accommodate the needs of pedestrians and bicyclists. For example, when
pedestrians must cross wide streets, refuge islands are important for pedestrian
safety. See Figures 3-25 and_3-28 for illustrations. The VDOT web page Bicycling
and Walking in Virginia provides information on VDOT policies for accommodating
pedestrians and bicyclists on state highways.

A detailed discussion on adapting highways for pedestrians and bicyclists is
presented later in this section.
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1 Consider the design vehicle. The shapes and dimensions of turning paths vary for
different turning speeds, different angles of turn, and different types and sizes of
vehicles. The design vehicle must be identified and utilize Auto Turn to verify the
design.” See Table 4-3 for Design Vehicle Chart.

1 Consider a roundabout design. Roundabouts offer an attractive design alternative
to conventional intersections. Roundabouts are circular intersections with specific
design and traffic control features that convert all vehicular movements to right
turns and force traffic to enter and circulate at lower, more consistent speeds. The
safety benefits of low vehicle speeds include less severe and less frequent
crashes. See the Roundabouts Section for additional information on the use of,
and VDOTO6s ef f,ooundabouts.o pr omot e

At-grade intersections must provide for anticipated turning and crossing movements.

A AS HT @Bdlicy on Geometric Design of Highways and Streets, fil nt er secti ons
be reviewed for additional information to be considered in the design since the site

conditions, alignment, sight distance, the need for turning lanes and other factors enter

into the type of intersection design which would satisfy the design hour volume of traffic,

the character or composition of traffic, and the design speed.

A Highway Capacity Manual (HCM) capacity or other appropriate analysis
(Corsim/Synchro) shall be performed for intersection capacity and signalization
requirements, and include a queuing analysis.

Sufficient offset dimensions, pavement widths, pluses, and radii shall be shown in the
plans by the Engineer to insure that sign islands are properly positioned. Care should be
taken in the design of four-lane roadways with intersecting two-lane roadways.

If traffic conditions clearly warrant a four-lane divided design for the twoi lane road at the
intersection, the divided design must be constructed for a sufficient distance to allow for
the approaching divided design and the subsequent stop condition ahead to be properly
signed. The four-lane divided design should not be constructed unless it is clearly
warranted and the approaches can be properly signed or the minor road is expected to
be improved to a divided status in the near future.
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Examples of typical geometric design applications are presented in Figure 2-3 and Figure
2-4. Note: These examples are not all-inclusive. Other options maybe developed, which
would require VDOT approval.

Proposed Access Easement

Cross Street
Cross Street

State Highway

FIGURE 2-2 VEHICULAR CIRCULATI ON BETWEEN ADJOINING PROPERTIES

Reg. 24VAC 30-73-120.C4
Note: All access point’ design and construction shall accommodate pedestrian and bicycle

usersof t he highway in accordance with the Cor
APolicy for | nt ®eglesaianiAccgnmBdatoly cl e and
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Through / Left Turn Exits Prohibited
Non-Traversable Median

1
Through / Left Turmn Exits Prohibited
Traversable Median / Undivded Highway

FIGURE 2-3 TYPES OF ACCESS CHANNELIZATION

Note: All entrance design and construction shall accommodate pedestrian and bicycle users of the highway in accordance
with the Commonwealth TransportatonBoar d 6s A Pol i cy for I ntegrating Bicycl e a



Left-In / Left-Out One Side

Left-In One Side Only

e

NS
7
i

Right In / Right Out (RI/RO)
Non-Traversable Median

_________i%%: _________

. . L
Right In / Right Out (RI/RO)
Traversable Median / Undivded Highway

FIGURE 2-4 TYPES OF ACCESS CHANNELIZATION

Note: All entrance design and construction shall accommodate pedestrian and bicycle users of the highway in accordance
with the Commonweal th Transportation Boardodés APolicy for



Wide Medians

Flare-Out

FIGURE 2-5 U-TURN DESIGN OPTIONS

Minimum Angle of Intersections

Streets should intersect at right angles; however, intersecting angles between 75" and
90 degrees are allowed.

FIGURE 2-6 MINIMUM ANGLE OF INTERSECTIONS

Source: 2018AASHT O i Gr @ 8eattiorBA4@ k A = Minimum 75 degrees

*Rev 7/22



ROADSIDE UNDEVELOPED

Access Easement
I j[_ I I I
L _ N\ _ 1

L/?/ j___ijt_guu___J__jﬂT L___J____L____

ROADSIDE PARTIALLY DEVELOPED

Limited Number of Driveways

I I J//_ I I I I
7NN S 4 T IO N I W

FRONTAGE ROAD PROVIDED

Direct Driveway Connections Eliminated

FIGURE 2-7 ACCESS DEVELOPMENT SCENARIO ALONG A STATE HIGHWAY

Note: All entrance design and construction shall accommodate pedestrian and bicycle users of the highway in accordance
with the Commonwealth Tr ansportati on Boardodés APolicy for I ntegrat.
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ILLUSTRATION OF ENTRANCE AND INTERSECTION SPACING

A A A A A
Option A = = S
P B g g
6 Through lanes
Full Median
Openings J J [ [ [
| % Mile | | % Mile
¥ Mile
4 Mile I Y4 Mile
|
/ /
_ (. A (S
Option B
4 Th hi — 2 — | |
rough lanes
Legend Comparison of Option B with Option A
Kl Signalized Intersection Option B has the same capacity at the
same quality of flow as Option A

Full Median Opening Unsignalized

__b Right Turns Only

FIGURE 2-8 ILLUSTRATION OF ENT RANCE AND INTERSECTION SPACING
Source: TRB, Access Management Manual, Dated 2003




Signalized Intersection Spacing

One of the variables involved in the planning, design and operation of signalized arterial
str eet s lizedsIntdisBctian S@Eacingo (See Table 2-2). Efficient traffic progression
is essential on arterials in order to maximize safety and capacity. Moreover, at high
progression efficiencies, fewer vehicles are required to come to a stop. Deceleration
noise is reduced: thus, vehicle emissions, fuel consumption and delay are minimized.
Since capacity will always be an issue on an urban arterial once urban development has
occurred, the signal spacing must be such that very high progression efficiencies can be
obtained over a wide range of through and turn volumes which change over time and
which differ by time of day.

Selecting long and uniform signalized intersection spacing is an essential element in
establishing spacing standards. Several studies have found that the number of crashes
and crash rates increases with the frequency of traffic signals. For example, an increase
in signal density from 2.0 or less to 2.1 to 4.0 signals per mile can result in a 70% increase
in the average crash rate 1 from about 2.8 to 4.8 crashes per million vehicle miles. The
increased number of signals per mile also results in poor fuel efficiency and excessive
vehicle emissions.

(Source: TRB Access Management Manual. 2003)

Signalized Intersection Spacing

i Essential to Movement Function

1 Parameters
- Speed
- CycleLength( AGr eend Ba
- Signal Spacing
- Efficiency of Progression
- Vehicle Mix
- Grade
- Queuing
- Emergency Preemptions

Source: NHI Course No. 15255, additions made by Committee.

Arterials are intended to provide a high degree of mobility and serve the longer trips.
Since movement, not access, is the principal function, access management is essential
in order to preserve capacity and safety. [ A A S H T ORokcy din the Geometric Design
of Highways and Streetso Green Book)]. Further, the adoption of functional design, in
lieu of volume based design, represents a major change in the philosophy of planning
and design of street and highway systems.




A uniform signal spacing of ¥2 mile provides for efficient signal progression at speeds of
30 mph to 60 mph along arterials. At these speeds maximum flow rates are achieved
and fuel consumption and emissions are kept to a minimum.

Generally a %2 -mile spacing will enable traffic flow at a wide range of speeds with cycle
lengths ranging from 60 to 120 seconds. ¥2-mile spacing is needed to provide efficient
progressions at 30 mph with a 120-second cycle commonly used in developed urban
areas during peak hours. At slower speeds the increase in headway will result in a serious
reduction in flow rate. (Source: TRB Access Management Manual. 2003)

Spacing
L?;f;teh 1/8 mi 14 mi 13 mi 172 mi
s) (600 ft.) (1,320 ft.) (1,760 ft.) (2,640 ft.)
Progression Speed (mph)
60 15 30 40 60
70 13 26 34 51
80 11 22 30 45
90 10 20 27 40
100 9 18 24 36
110 8 16 22 33
120 7.5 15 20 30
TABLE 2 -1 RELATIONSHIP BETWEE N SPEED, CYCLE LENGTH & SIGNAL
SPACING

Source: TRB: Access Management Manual, 2003




General Intersection and Access Spacing Criteria

When locating a new access point, there are typically three factors that determine
minimum spacing between the subject access location and existing access points on the
roadway:

1. Functi onal classification: This is defined

and includes principal arterials, major/minor collectors, and local streets.

2. Design speed: This is the speed determined for design and correlation of the
roadwayos physical features that infl
RDM Appendix Al, the design speed for roadways with a posted speed of 45 mph
or less is at least equal to the posted speed. For roadways with a posted speed of
50 mph or higher, the design speed is at least 5 mph higher than the posted speed.
Where design speed is not available, the posted speed should be used.

3. Existing and proposed access types: Types of access typically include signalized
intersections, unsignalized intersections/full median crossovers, full access
entrances/directional median crossovers, partial access entrances, roundabouts,
interchange ramps, and innovative intersections/interchanges.

An example of how to apply the spacing standards in Table 2-2 is depicted in Figure 2-
8.1.

Three additional factors that should be considered when locating an access are corner
clearance, right turn lanes, and the functional area of the intersection.”

Corner clearance is the minimum distance accesses on the minor roadway need to be
separated from an intersection to prevent queued vehicles from backing up into the
highway or blocking accesses near the intersection. This separation protects the
functional area of the intersection. The corner clearance distance will apply where it is
greater than the Table 2-2 spacing standard. See Corner Clearance in Section 4 for more
information.

It may be appropriate to provide a right turn lane at an access entering a site. When a
right turn lane will be installed at an access, the length of the turn lane needs to be
considered when locating the access. See Right Turn Lanes in Section 3 for more
information.

Access points must avoid being located within the functional area of a signalized
intersection. See Commercial Entrance Separation from an Intersection in Section 4 for
more information.

The following sections outline minimum spacing standards for various access

configurations, functional classifications, and speeds. With the exception of roundabouts,
spacing distances are measured from centerline to centerline.

* Added 1/21

uence


http://www.virginiadot.org/business/resources/LocDes/RDM/Appendix_a1.pdf

For an explanation of terms used in Table 2-2, see the Definitions section. Note also the
access spacing applies to accesses on the same side of the roadway. See Figure 4-6 for
guidance on offsetting accesses on opposite sides of a roadway.”

Other criteria that may need to be considered for new median crossover spacing is
presented later in this section.

Type 1: Signalized Intersection Spacing

Type 1 spacing applies only to spacing from one signalized intersection to another,
regardless of the number of intersection legs. Spacing with a signalized three-leg
intersection is the same as a typical four-leg intersection.

Signal Signal

Spacing is allocated in fractions of a mile: (1/2 mile, 2,640 ft.); (1/3 mile, 1,760 ft.); (1/4
mile, 1,320 ft.); (1/5 mile, 1,050 ft.); (1/6 mile, 880 ft.), (1/8 mile, 660 ft.).

It is based on (i) the Signalized Intersection Spacing section and Table 2-1 and (ii)
Transportation and Land Development by Vergil Stover and Frank Koepke, Institute of
Transport at i dmfficsignglicanteolappsed in a Sequential pattern according

to specific spacing criteria optimize traffi
reduce delay, reduce vehicular emissions and

Type 2: Unsignalized Intersection/Full Crossover Spacing

Type 2 spacing applies to spacing from unsignalized intersection to other signalized and
unsignalized intersections. Full median crossovers qualify as unsignalized intersections,
but unsignalized three-leg intersections do not.
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J J | J'l

Unsignalized Full Median Signal
Intersection Crossover

Intersections and full median crossovers need ample spacing to accommodate the
complex situations faced by motorists from vehicular deceleration, acceleration, and
numerous conflict points associated with vehicular movements such as crossing and left
and right turns. At a four-way intersection, these traffic movements create 32 conflicts
(collision) points (see Figure 2-1). Intersections and full median crossovers also may
become signalized over time. Spacing is allocated in fractions of a mile.

Type 3: Full Access/Directional Crossover Spacing

Type 3 spacing applies to spacing from full access/directional crossovers to other
signalized intersections, unsignalized intersections, full accesses, and directional median
crossovers. Three-leg unsignalized accesses on two-lane roads” are considered to be a
Type 3 access if no turning movements are restricted. If turning movements are restricted
at an unsignalized three-leg on a two-lane road, Type 4 spacing applies.

J'

J

L

J

) ) 5 C J ] ) B C
Unsignalized Full Directional Signal
Intersection Access Median

Crossover
Spacing can be less than unsignalized intersection and full median crossover spacing.
Full accesses on a four-lane roadway have only 11 potential conflict (collision) points and
directional crossovers on a four-lane roadway only have six. However, studies have
demonstrated that the majority of access-related vehicular crashes involve multiple left
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turn movements. The spacing is based on intersection sight distance for both four and
two-lane highways to assure that motorists approaching an access and those turning out
of the access have sufficient time to react to highway and access traffic and to merge
safely when making right and left turns. Again, the purpose is to maintain the capacity
and safety of the highway.”

Type 4: Partial Access Spacing

Type 4 spacing applies to spacing from partial accesses to other signalized intersections,
unsignalized intersections, full accesses, directional crossovers, and partial accesses.

Partial accesses are right-in/right-out and can either be one-way or two-way.
\ \

Partial Full .
Signal Access Access |
Ji L '
| | |
“ 1 T

_ ) BC ) =

| [T [T 1]

Partial Partial Unsignalized
Access Access Intersection

Left turn movements are limited (right-in/right-out with or without left in only movement).
If a directional median crossover is involved the directional median crossover spacing
applies to the access. The focus is on making sure motorists have sufficient time to be
able to see/react to a vehicle slowing down to turn into the access or to a vehicle exiting
the access and stop in time to avoid a collision. Stopping sight distance can be used for
this purpose. See Figure 4-4 for illustrations of right in/right out with or without left in

commer ci al access channelization Il sl and opti
Movements at Commerci al Entranceso for addit.i
Roundabout Spacing

The following spacing types apply to roundabouts:

1 Type 2 Spacing 7 Spacing from roundabouts to other signalized/unsignalized
intersections and full or directional median crossovers.
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Signal W ( Unsignalized

Intersection
Roundabout

1 Type 4 Spacing i Spacing from roundabouts to other roundabouts, full accesses,
and partial accesses.”

# #-
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. :j c:j :1':’ :,‘r::n J;
i 7 Yo~

Roundabout Roundabout

When determining the distance between a roundabout and another access, the
measurement is not taken from the centerline. Instead, the point of reference is the outer
edge of the inscribed circle diameter (Yield Line) on the nearest approach.

Spacing for commercial accesses on local streets with roundabouts is discussed in Note 1

to Table 2-2. In summary, no commercial access shall be within 115 feet minimum
measured from the outer edge of the inscribed circle of a Roundabout.
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Minimum Spacing (Distance) in Feet
Design
Functional Speed Type 2 Type:3 (Ful .
e Type 1 . : Access Type 4 (Partial
Classification (See Note . . (Unsignalized / L
(Signalized) /Directional Access)
2) Full Crossover )
Crossover )
o ¢ 30 mph 1,050 880 440 250
Principal 35 to 45 mph 1,320 1,050 565 305
Arterial 2 50 mph 2,640 1,320 750 495
¢ 30 mph 880 660 355 200
Minor 35 to 45 mph 1,050 660 470 250
Arterial 2 50 mph 1,320 1,050 555 425
¢ 30 mph 660 440 225 200
Collector 35to 45 mph 660 440 335 250
2 50 mph 1,050 660 445 360
Local Street See Note 1

TABLE 2-2 MINIMUM SPACING STANDARDS FOR COMMERCIAL ACCESSES,
INTERSECTIONS AND MEDIAN CROSSOVERS'

Notes to Table 2 -2:

1. Local Street Spacing 1 No commercial entrance shall be allowed within the functional area of
an intersection without prior approval from the Engineer at the Residency or District. For
commercial entrances on local streets (not individual private entrance driveways to homes), a
spacing distance of 50 feet between entrance radii is specified to assure a minimum separation
between such entrances (illustrated in Figure 4-11).

No commercial entrance shall be within 115 feet minimum measured from the outer edge of the
inscribed circle of a Roundabout, without prior approval from the Engineer at the Residency or
District. If an entrance is approved within the 115 feet of the outer edge of the inscribed circle it
shall ble, RIGghRO wthd On | gt migirumSsdaséden the stopping sight distance for
20 mph).

2. Design Speed 1 Per VDOT RDM Appendix Al, the design speed for roadways with a
posted speed of 45 mph or less is at least equal to the posted speed. For roadways with a
posted speed of 50 mph or higher, the design speed is at least 5 mph higher than the posted
speed. Where design speed is not available, the posted speed should be used.
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http://www.virginiadot.org/business/resources/LocDes/RDM/Appendix_a1.pdf
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Directional
Median
Crossover

@ @

Signalized (Minimum distance between signalized l]’,%zlrgs%acl{%and
Intersection and unsignalized intersections)
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(Minimum distance between signalized intersections)
Example: Principal Arterial with 35 to 45 mph speed limit.

T_—_—I o

NTS

" Rev. 7/20

FIGURE 2-8.1 ILLUSTRATION OF THE RELATIONSHIP BETWEE N SPACING STANDARDS*




Spacing Standards for Commercial Accesses /Interse ctions Near Interchange
Ramps

The spacing standards near interchange ramps focus on safe ramp exit and entry
movements. Greater separation between Ramp Terminals (see definition of Ramp
Terminal) and other accesses is necessary for multilane versus two-lane highways. This
i's because the motoristodés maneuvers at
crossing through lanes to reach a left turn lane at an intersection.

The minimum spacing standards for accesses near interchange areas on multilane
crossroads are shown in Table 2-3. If the off and/or on ramp connects to a continuous
auxiliary lane, the spacing distance is measured from where the AASHTO calculated
acceleration or deceleration lane and taper would end if there were no continuous
auxiliary lane.

Note: For Limited Access Line Fence Requirements / Placement, see Figures 2E -
19 and 2E-20" and for FHWA Minimum Limited Access Control: 100' Urban and 300
Rural, see bottom of F igure 2E-19* of the Road Design Manual.

For multilane crossroads, the spacing standards apply to both signalized intersections
and commercial accesses regardless of the interchange configuration. The three types of
spacing to consider are shown in Figure 2 -9. Generally, the standards consider the
distance between the interchange ramps and right-in/right-out accesses, directional
median crossovers, and four-legged intersections.

FIGURE 2-9 ACCESS CONTROL ON MULTILANE CROSSROADS AT
INTERCHANGES

The minimum spacing standards for accesses near interchange areas on multi-lane
crossroads are shown in Table 2-3.

*Rev 10/20
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http://www.virginiadot.org/business/resources/LocDes/RDM/chap2e.pdf



























































































































































































































































































